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ABSTRACT

The AAP-2 (Air Research) and MOL (Hamilton Standard)

molecular sieve designs are examined from functional and

hardware viewpoints. Design parameters and system schematics

are presented for each. A number of integration problems that

would be encountered in combining the two different designs into

an on-line/stand-by redundant system are discussed. It is con-

cluded that if the LiOH is removed from AAP-2, the molecular

sieve replacing it should be the Air Research design.
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SUBJECT: Redundant Molecular Sieve DATE:  November 18, 1968
Configuration for CO, Removal
on AAP-2 -~ Case 620 FROM: J. J. Sakolosky

MEMORANDUM FOR FILE

INTRODUCTION

One means of improving the AAP-2 performance margin
is to replace the LiOH, which is a backup means for CO, removal,
with a second molecular sieve. The new COp removal system would
then consist of an on-line molecular sieve with a stand-by
molecular sieve providing a backup capability. Since a mole-
cular sieve has never been operated in zero-G environment,
some doubts exist as to the reliability of this all-molecular-
sieve COp removal system. Some unpredictable failure that might
disable both CO, removal systems could occur as a result of the
new environment. It has been proposed that the probability of
this type of catastrophic failure could be minimized by using
a MOL (Hamilton Standard) molecular sieve rather than the AAP
(Air Research) molecular sieve as the backup system. This
memorandum willl investigate various aspects of the Air Research
and Hamilton Standard molecular sieves and whether a system
using both offers any significant advantages over a system
using two of a single design. Appendix A lists the design
parameters associated with each sieve. Appendix B indicates
the level of redundancy incorporated in each design.

TRADEOFF CONSIDERATIONS

Maximum confidence in the ablility of both primary and
backup systems to avert the same catastrophic failure mode will
occur if the two systems being considered are of different basic
design concepts, such as LiOH and a molecular sieve or a molecu-
lar sieve and a molten carbonate COp removal system. If the
basic design of the two systems is not different, then at least
one would 1like the systems to be functionally different, e.g.
electric actuation versus pneumatic actuation of the gas selector
valves or mechanical timing versus electronic timing of the
adsorption/desorption cycle. This would imply a significant
hardware difference between the two systems and the probability
of significantly different failure modes. If the on-line and
stand-by systems are not functionally different, then the hard-
ware differences between the two systems are probably minor, and
it is unlikely that the stand-by system will be able to avert a
zero-G failure mode which has disabled the on-1line system. In
this case the most desirable redundant configuration would use
the most reliable of the candidate systems in both the on-line
and stand-by positions.
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COMPARISON OF AAP and MOL MOLECULAR SIEVES

The basic design concept of both the AAP and the MOL
molecular sieves is the same. Both systems incorporate a two-
bed adiabatic design with vacuum desorption. A functional com-
parison of the two molecular sieves is shown in Table I. From
the Table, it 1s obvious that the two molecular sieves are func-
tionally identical.

A parts 1ist for each of the sieve designs is shown
in Table II. The major hardware difference between the two
molecular sieves 1s the gas selector valve for controlling air
flow through the bed canister. The AAP design utilizes a five
port valve in contrast to the three port valve employed by the
MOL sieve. The valves are actuated pneumatically through oxygen
pressurization in both designs. In most other cases, the corres-
ponding hardware is of similar basic design and operation. The
manual interconnect valves associated with the AAP sieve constitute
an added level of redundancy and are used only in the case of a
solenoid valve failure. A schematic for each molecular sieve
design is given in Appendix C.

INTEGRATION PROBLEMS

A number of integration problems would be encountered
in combining an on-line Air Research molecular sieve with a
stand-by Hamilton Standard molecular sieve. Both sieves may be
subjected to pre-launch bake-out for the removal of any initial
contamination within the bed. The Air Research design utilizes
the heaters imbedded within the molecular sieve material and a
vacuum pump to simulate the bake-out conditions as they will
occur in orbit. The Hamilton Standard design uses a hot gas
purge for pre-launch bake-out. A common pre-launch bake-out
procedure would be preferable if the two designs are combined
in a redundant system.

The Air Research molecular sleve is designed for a
three man crew while the Hamilton Standard design is for a two
man crew. The atmospheric composition flowing through the sieves
is also different. AAP uses a two gas oxygen/nitrogen atmosphere
whereas MOL utilizes an oxygen/helium atmospheric composition.
Additional testing would undoubtedly be required to verify that
the Hamilton Standard design would perform satisfactorily for
a three man crew and the AAP cabin atmosphere.

A number of additional problems are likely to be
encountered 1in combining the two molecular sieves in a single
system. Since the molecular sieves were designed for launch on
different vehicles, it is very likely that the vibrational and
acceleration requirements are different for the two designs.
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Additional testing would be required to qualify the Hamilton
Standard molecular sleve for an SIVB launch. Additional testing
would also be required to verify that the Hamilton Standard
design will desorb to space adequately through the Airlock
Module vacuum vent configuration. The electrical connectors

on the Hamilton Standard design are different from those being
used in the Airlock Module and would have to be changed. There
are the additional problems of increased crew training require-
ments and increased operational complexity associated with the
combination of two unlike designs. The increased systems
familigrization requirement pertains to the installation crew
as well as the flight crew. Although not directly measurable,
it is possible that the increased complexity could result in
degraded performance of the crew.

CONCLUSIONS

If the LiOH presently baselined aboard AAP-2 is
removed as a result of weight considerations, it is the author's
opinion that the backup system replacing it should be an addi-
tional Air Research (AAP) molecular sieve.

The motivation for combining two different sieve designs
in the redundant configuration results from an effort to decrease
the chance that any single unexpected failure mode attributed
directly to the zero-G environment could completely disable the
CO, removal system. However, in basic design concept, functional
opération, and component hardware, the Air Research and Hamilton
Standard designs are very similar. Thus, it is unlikely that
the two systems will have significantly different failure modes
which can be attributed directly to the zero-G environment. This
is not to say that the failure modes of the two different designs
would be the same. Failure mode differences resulting from
quality and workmanship differences may very likely exist. How-
ever, these are the type of defects which can be eliminated by
thorough ground testing. The point to be made is that if zero-G
design deficiencies exlst in the Alr Research design, then they
probably exist in the Hamilton Standard design also.

A number of integration problems associated with com-
bining the two different designs in a redundant system also argue
against the incorporation of two different sieves in AAP-2.
Granted that none of these problems is insurmountable,in combina-
tion .they would 1llkely add to increased cost and perhaps schedule
delays. At the very least, they add complexity with 1little hope
of any measurable compensating gain.
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A final point which favors the use of a backup
Air Research molecular sieve is its higher level of built-in
redundancy. Appendix B indicates that the Air Research design
offers redundant operations for dealing with six predictable
fajlure modes; the Hamilton Standard design offers redundancy
or maintainability to cope with three of these failures.

N Z ? /aéo/a:?,

Sakolosk

Attachment
Appendices A, B, C



BELLCOMM, INC.

REFERENCES

1. Airlock Preliminary Design Review Data Package, McDonnell-
Douglas Corporation, November 29, 1967.

2. Evaluation of AAP Airlock Module Molecular Sieve CO,
Removal Subsystem Proposals, C. Crews and Luino Dell'Osso,
Jr., Crew Systems Division, Manned Spacecraft Center,
December 14, 1967.

3. MOL Data Book, Volume I, System Configuration Data, Sequence
Number B278, Douglas Missile and Space Systems Division,
McDonnell-Douglas Corporation, June 30, 1968. Bellcomm
Reference No. 68-4038 (SECRET DOCUMENT).

4. Personal Communication, E. J. Wulf, Hamilton Standard
Division of United Aircraft Corporation, November 4, 1968.

5. Personal Communication, L. Calhoun and M. Peeples,
McDonnell-Douglas Corporation, September 23, 1968.



UlBusT ,z2°Iz X "®BID ull " hT
®4 ®eTsd Gg°7T nmo BIsd G°¢ :etrsd G
umnoep soedg

Us3Lx(Q sanssaag U3TH
d9M0d T®OTa300TY

2cg oadAy, UuosSpIAB(
hhG odAL uospraeg

Lep/sqar go° T

qd0s=q #1 ‘qaosqy yT fsoqnury gz
i U 8

ABD/SqT 91
Ino-exeg M 0ST ‘TRUTWON M €6

*8qT €9

qI0seq unnoep ‘0T3BqRIPY Dag 2

AUQNUCMQWIGOQHﬂEmmV TON

aliT X ,92 X uBc
SN ®eTsd €-7T Cq BTsd L€ :ersd ¢

unnoep soedg
Ue3Lxp sanssaay U3TH
I9MOd TBOTJI309TYH

vG adfy mcmﬂq
XET odAL sputq

Lep/sqr G°1

atosed ST ‘qaosqy ¢T $fseqnury of

fep/sqr GL-g
Ano~-oNeg M 09€ ‘Teutwoy y g
"SqQT GE€T

QI0Ss(Q umnoep ‘oT3eRqRIpY pag ¢

(Udoaeessy aTv) avy

SHAATS YVINOATOW TOW aNy dVV  :SHALAWYHYd NDISHd

V¥V XIANdddv

sumtonp

9aNSSadd B0

saoeJIajur

pag
uot3daosPy <pp

psg
uotrzdaospy oy

SS07
"SOWly urqe)

SWTJ, 9T04£)

298y
TeaOwWSY Z0p

I9MOJ
1y3topm
ad A,



fourpunpsad opN
Kouepunpaa o

pag auo

U3Im uotgeasdo papraldsg

Kouepunpada oN

aATBA dardg

Jsuty saedg

DIEPUE]S UOAT TWEH

UOo3TMS (OTJa208T8) TeBRUBHK

UOT4BN308B TBRNUBK

paq auo
U3TMm uoTzeasdo popraldsg

JI9TTOJI3UO0D
sanjeasduiaq juepUNpay

9ATRBA DP3TTBJ soassrdAqg
3108UU0DJIS4UT TBUURB[

JI8wWTg JuBpUNpSYy

yoJdeasay JTy

Kouepunpay JO aJdniey

SOATBA PIOUSTOS
JO UOT3BN4OY OT3RUOINY

SPATBA J0308T8g SBDH
JO UOT3BN3oy oIavWnsug

pag sup Jo
UOT3RUTWEIUO) STQTSISASIIT

I8TT0JI3U0) aanjgeaadua ],
I33B9H 3Nno-ayeg

SATBA DTIOUSTOS

JIOWTLL 8[24&)

sanTteq

SHAITS YVTAOHTON JHYANVIS NOLTIWVH ANV HOHVASHY

g XIANHddV

IV 40 SHMNLVHA INVANQQFY



T L T T T T e T e e T
) [ Ill”.n.. 1 . H
m N B e i
b pemmeeean. I . - [
i FoooIIT et S s e o SLHOIT ONILYOIaN] & ) !
“ b rIIIITIII o~ AILISOd NOILNOSQY , _ | |
| R 4INIL 37049 '] i
! ! I
| 1 el N — L “
| P 2 il 40LvNLIY ;
| =L 4t T | | 01 LVYNNIHd !
| R ; J3ATvA ¥010373SH 1 1 437104LNO9 !
AN a1 S¥9 il UNLY¥IdNIL |
L 840Sav : )

_.I.OII | “ -—— 5 -—— -t - —== < 0I+
“ rv-_“-_..-- T 131100 Nl : —+ _ !
' 0] Z\ — Q¥V0943A0 ; _ & |
R - = — _
. = m. _ : "
Y I e 40LYNLOY ".

L o lom e . e RRPR \ 1VYWN3H
SN IV {3ATVA ¥0193 il T m
193NNODYILNI _E sV9 Tl 3uNLvaadnal |

SIATVA VANV o N o
431713 e ONTHOLINS Nl AN e B S e
30 a10N3708 : : : : & |
.......... ; !
|
NO _wm OmN O._. OO_ ._.mu_.:do ~ Pre— . 22 000G ORI : “
ST .F:# oo A e !
: HILSINYD | [ _*
WOoUVHY [
: 20A 82
§ 0L

90A 22

L13INI SVY9

- JLLYW3HOS 3AIS ¥YINOTIOW HOUYISIY YIY
J XIAN3IddY



Jaysiuey bujquosag *juo) -dua)

aA31S TOW \l‘gﬁ.w tue) Buiquospy

- - -l ——
|

S N

wnnoep o

an|eA o8y) / = " uiqeg o -
— | | TR T

=== wnnoep 0]

S aA|®j 103}03[ag sey
saA|BA ||\ﬂ =

plouajog Kem-g

. aul
UO|3eZ]InSSalq Ol Jeunauy

[—T—~T

Jabueyox3 jeay
buisuapuoy wouy

Jowi] aAslg 0N

JAIS JVINIIIOW QIVANVLS NOLTIWVH
J XIAN3IddV



